The current expansion has delivered the lowest unemployment rates in decades, yet nominal wage growth has remained relatively contained. This suggests to some a shift in the historical relationship between unemployment and wage growth. We look across the states for more timely evidence of a change in this relationship. We find some evidence that the elasticity of real wage growth with respect to unemployment has fallen recently, a result that is not due to a compositional shift toward college-educated workers. However, evidence of a weakened relationship is itself weak, depending on inherently arbitrary decisions about when a shift may have occurred. In addition, we find that levels of real wage growth associated with high, medium, and low unemployment have remained relatively constant.
I.

Introduction
The long economic expansion of the 1990s has delivered the lowest unemployment rates in 30 years. Yet nominal wage growth has remained relatively contained. This failure of wages to accelerate more rapidly suggests to some a shift, or even a complete breakdown, in the historical relationship between unemployment and wage growth.
1 However, looking across the years, the relationship between unemployment and wage growth has always been relatively loose, implying that it might take many years to conclusively identify even a significant change in the link between unemployment and wages.
In this paper, we look across the states for more timely evidence of a change in the relationship between unemployment and real wage growth. A major advantage of the cross-state approach is the greatly increased number of degrees of freedom available from the wide variation in state unemployment rates. Thus, it may be possible to identify changes in that response that would take many years of time-series data to uncover. Previous work has demonstrated a relationship between unemployment and real wage growth across states that is analogous to that in time-series data. 2 The basic assumption underlying this work is that inflation expectations are approximately the same for all states in a given year. Given that the U.S. has a single, national monetary policy, this is plausible, though clearly one could imagine deviations from this assumption. If inflation 1 Speculation about a change in the relationship between unemployment and wage growth has taken a number of forms, not all of which have been well reasoned. Media analysts sometimes have characterized the lack of greater acceleration of nominal wages in the face of low unemployment as a failure of the "forces of supply and demand" in the labor market. But, the forces of supply and demand have direct implications for real, not nominal, wage growth (e.g., Friedman 1968) . Among the few papers offering evidence of a break down in the unemployment -wage growth relationship is a study by Lehrman and Schmidt (1999) suggesting that the level of unemployment across states is not now related to wage growth. Footnote 14 below documents why we believe those authors' results differ from ours. 2 An important reference is Blanchflower and Oswald (1994) , who document a cross-sectional relationship between unemployment and wages in a number of countries over a number of periods. Blanchflower and Oswald interpret their results as a relationship between unemployment and the level of wages because in their statistical models for the wage level, lagged wages are estimated to have small coefficients. We agree, however, with Blanchard and Katz (1997) and Card and Hyslop (1996) that these low estimates are the result of substantial measurement error in Blanchflower and Oswald's wage measures as well as their inappropriate use of annual, rather than hourly earnings. We find that in models employing hourly wage measures obtained from samples large enough to minimize measurement error, the coefficient on lagged wages is quite close to unity. Thus, the relationship is best thought of in terms of wage growth expectations are constant across states, differences in wage growth across states in a given year are unrelated to inflation expectations. Similarly, to the extent that other variables, such as productivity growth, that affect wage growth are constant across states in a given year, comparisons of states' wage growth rates are also unaffected by these variables.
Our empirical work confirms the negative cross-state correlation between unemployment and wage growth. We also find that the elasticity of wages with respect to unemployment has fallen recently, a result that does not seem to be the result of a compositional shift toward collegeeducated workers. However, we regard this evidence of a weakened relationship between unemployment and wage growth as itself weak. In particular, when we estimate an elasticity for each year from 1980 to 1999, there is enough year-to-year variability that a downward trend in the magnitude is not obvious. Rather, the extent of change observed in the relationship depends on the necessarily arbitrary decision of where to draw the line between periods. Moreover, if one considers the response of wage growth to the level of unemployment, rather than its logarithm, there is very little evidence of a recent change in the sensitivity of wage growth to unemployment.
We also briefly examine how the level of wage growth associated with particular levels of unemployment may have changed over time. We find that the levels of real wage growth associated with high, medium, and low unemployment rates have been reasonably constant in recent years.
The real wage growth levels associated with typical values of unemployment were somewhat higher in the early 1980s, but since then have been relatively constant, with the wage growth associated with high unemployment rates actually rising somewhat in the late 1990s. Similarly, the unemployment rate associated with the average rate of real wage growth fell after the early 1980s, but has been relatively constant since then.
rather than wage levels. Roberts (1999) and Whelan (1999) show that the form of the micro-data relationship may not matter for the form of aggregate inflation dynamics.
Finally, because there is no compelling theoretical reason for the standard civilian unemployment rate to be the best measure of labor market conditions for predicting wage growth, we also investigate a number of alternative measures of labor market tightness. Most of these measures predict wage growth about as well as the standard unemployment rate. Most also show the same decline in the magnitude of their elasticity with respect to wage growth that we observe over five-year intervals for the unemployment rate. The decline in the coefficients associated with the exit rate and short-term unemployment measures are, however, more severe.
Recently, there is evidence that typical short-run Phillips curve specifications have systematically overforecasted inflation. Our results point toward the conclusion that this failure of the forecasts is most likely attributable to the part of the model linking price inflation to wage growth rather than to a change in the relationship between expected real wage growth and unemployment. This is consistent with the findings of Brayton et al. (1999) , who show that including variables related to the markup of prices over wages helps stabilize the Phillips curve.
II. Background
Some shift in the relationship between unemployment and real wage growth in the 1990s
would not be terribly surprising. Among the many changes in the labor market in recent years, the general drop in the level of job security, the aging of the work force, its higher levels of education, the growth of temporary services employment, the use of fax machines and the Internet in job search, and even the increase in the prison population could each be changing the relationship between unemployment and wage growth.
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A rough indication of the time-series evidence on this question can be gleaned from figure 1, a scatter plot of annual data on the excess of hourly compensation growth over the previous year's CPI inflation versus the natural logarithm of the annual unemployment rate. 4 The relationship depicted in figure 1 is analogous to the wage equations in some macroeconometric models. It can be motivated by assumptions that wages are set to exceed expected inflation by an amount that depends on the unemployment rate and expected inflation is equal to the level of inflation in the previous year.
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The figure shows that there is a loose, but reasonably clear, negative correlation between unemployment and wage growth in excess of lagged inflation. The least squares regression line shown in the figure slopes downward with an elasticity of -0.055 and an estimated standard error of 0.009. 6 A line connecting the values from 1992 to 1999 highlights the data for the current expansion, when the unemployment rate was falling from 7.5 percent to 4.2 percent. As can be seen, the growth of hourly compensation was a percentage point or more below expectations each year from 1993 to 1997. Though the data for the last two years have returned to the predicted line, the cumulative loss of wage growth over the expansion has been significant.
However, such departures of wage growth from expectations are far from unprecedented. In earlier years, the data have strayed further from expectations only to return to the basic pattern of low unemployment being associated with higher growth of wages relative to lagged inflation. Of course, the evidence also does not rule out a significant shift in the relationship between unemployment and inflation. Unfortunately, given the looseness of the historical relationship, it would take many years to confidently identify even a relatively large change in the relationship.
Moreover, the theoretical basis for the relationship depicted in figure 1 is somewhat loose, which at least suggests the possibility of instability. The assumption that expectations of inflation are equal to last year's level of inflation is clearly ad hoc. Moreover, though a relationship between expected real wage growth and unemployment can be motivated by economic theory, such theory does not necessarily imply a special place for the standard civilian unemployment rate.
Indeed, in the simplest model of a competitive labor market, unemployment is not a welldefined concept because there is no distinction between workers being unemployed and out of the labor force. Rather, in that model wages adjust to clear the market, and workers for whom the equilibrium wage is below the alternative value of their time simply choose not to work. The competitive model would replace the relationship in figure 1 with a standard, aggregate labor supply curve. This is analogous to the relationship in figure 1 , but with employment, rather than unemployment, as the variable predicting wage growth. Of course, (deviations from trend) fluctuations in these variables are highly correlated, so unemployment may predict expected real wage growth reasonably well even if employment is the theoretically preferable measure.
Other models go beyond the simple competitive framework to allow involuntary unemployment and the unemployment rate to be related to wages. For example, in search models with wage bargaining, workers have greater bargaining power when the unemployment rate is low, since turning down a job offer with a low wage is more palatable when the unemployment rate is low (Mortensen and Pissarides 1994) . Alternatively, efficiency wage arguments like Shapiro and Stiglitz (1984) and Salop (1979) generate a link between unemployment and wages because when unemployment is low, discharged workers will face less time out of a job. Thus, wages need to be further above the value of workers' nonmarket uses of time to induce the same level of effort.
Even in search and efficiency wage models, the standard unemployment rate may not be the variable most directly related to wages (Blanchard and Katz 1997) . Rather, in both classes of models, the exit rate from unemployment is a more direct measure of the cost to workers of becoming or staying unemployed than the unemployment rate itself, which also depends on the rate of entry into unemployment. Of course, since the exit rate and the overall unemployment rate are relatively highly correlated, the latter may predict wages reasonably well even if the former is the variable that is truly linked to expected wage growth.
Even if one accepts the use of an unemployment rate as the measure of labor market conditions, there is still the question of which unemployment rate to use. The standard measure imposes requirements that nonemployed workers be available for work and have made an effort to find work in the last month. However, some out-of-the-labor-force workers, for example, those who say they want a job, are relatively similar to the unemployed and may exert an influence on wage growth. Conversely, some of those who are unemployed, such as those who have been unemployed for long periods, may be more similar to the out-of-the-labor-force pool. 7 Ultimately, which measure best captures the labor market forces influencing wages is an empirical question, the answer to which could change over time.
III. Data
Our main results are based on two data sources. The first is the annual averages of the BLS's monthly, state-level unemployment rates. The second source is a measure of state-level, demographically adjusted wage growth that we construct from the outgoing rotations (ORG) of the Current Population Survey (CPS). We compute an individual's hourly wage as the ratio of weekly earnings to weekly hours of work. 8 Pooled across the 12 months of the year, the ORGs yield an annual sample size of at least 150,000 households. They are available from 1979 to 1999. We summarize the individual-level wage data with an adjusted average wage for each stateyear pair. These are obtained as state-year-specific intercepts in a regression of the natural logarithm of wages on demographic and educational characteristics:
(1)
where ist ω is the log of the wage for individual i in state s and year t. The vector, ist x , of control characteristics is the same as that utilized by Blanchard and Katz (1997) and consists of a quartic in potential experience interacted with an indicator for sex, an indicator for marital status interacted with sex, a nonwhite indicator, a part-time indicator, and indicators for four educational attainment categories. 9 The estimated st w coefficient is our measure of the adjusted log wage in state s and year t.
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The ORG data are our preferred source of state-level wage data. Their main attractions are large sample sizes and relatively rich associated demographic data. The lack of information on the value of benefits is a potential limitation. However, it seems plausible that the difference in growth rates between our measure and a more inclusive measure of total compensation is constant across states in a given year. If this is the case, as we explain further below, our estimates of the sensitivity of wage growth to unemployment will be unaffected. Nevertheless, to provide a check on the sensitivity of our results to the value of benefits, we also make use of the regional detail of the ECI.
Finally, another limitation of the ORG data is that they are not available prior to 1979, which might be considered a relatively short time series. Thus, in order to provide some evidence on the sensitivity of wage growth to unemployment in earlier years, we also use the annual forced to drop some of the early years because of changes in sample design.
IV. Empirical results
The analysis is based on a standard statistical model for the response of wage growth to unemployment. That model can be written as The drop in coefficients in table 1 is also dependent on the imposition of a constant elasticity functional form. If instead, absolute differences in unemployment rates have the same effect on wage growth no matter how high or low they are, then the specification estimated in table 1 will force the coefficient for recent years, when unemployment has been relatively low, to fall, even if there has been no change in the relationship between wage growth and the level of unemployment.
The fourth column of table 1, which contains estimates based on a common slopes, rather than common elasticities, specification, contains some evidence in support of this hypothesis.
Specifically, with a common slopes specification, there is no evidence of a decline in the sensitivity of wage growth to unemployment. Rather, the late 1980s appear to be the period that was different, having a higher estimated coefficient than the other three periods. We prefer the constant elasticity specification because of the better fit to the data, but the results in column 4 reinforce our view that the evidence of a decline in the sensitivity of wage growth to unemployment is weak. Lerman and Schmidt (1999) report no evidence of a cross-state association between unemployment and wage growth. They use the ORG files to estimate state-specific wage growth between the first quarters of 1995 and 1998, computing mean wage growth for four "quartiles" of the unemployment distribution in the first quarter of 1998. They find little or One possible explanation for the falling coefficient on unemployment is the changing nature of the work force. For instance, it is has been previously shown that wage growth among collegeeducated workers is less sensitive to unemployment than that among other workers. Thus, the increasing share of college-educated workers could cause a decline in the unemployment coefficient of the kind seen in table 1. 15 The results in the last two columns of table 2, however, show that this is not the case. The decline in coefficients is seen both for noncollege and college workers.
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Something other than a compositional shift towards college workers explains the lower late-1990s coefficients on unemployment. Finally, as a robustness check of the importance of benefits on the real wage-unemployment relationship, we also looked at the regional ECI data. Because these data are available for only four regions and date back to only 1983, there are many fewer degrees of freedom. However, the ECI does allow us to look directly at the association between total compensation and unemployment.
While the results for ECI wages and salaries are relatively similar to those in table 1, for total compensation, the coefficient for the most recent five-year period is small and not statistically no association between unemployment quartile and wage growth. The results above may explain some of the difference between their results and ours. Lehrman and Schmidt use the unemployment rate for only the last quarter of the period, rather than the average over the whole period. The results in table 2 using lagged unemployment rates suggest that the match of the time periods of unemployment and wage growth matters to the estimates. Lehrman and Schmidt also use data on unemployment in 1998, which figure 2 says provides the weakest results of any year. Moreover, they only look at a single cross-section of data and so cannot control for state-specific fixed effects which table 3 shows is important. Finally, fitting a nonlinear specification seems to us to be asking a lot of 51 noisy observations. Clearly, there is a wide scatter around what is still a highly significant negative relationship. Thus, it would be quite surprising to see a clean pattern of means across quartiles when each of those means was estimated with only 12 or 13 observations. 15 Furthermore, Solon et al (1994) argue that, in aggregate time-series data, compositional bias arises because low-skill workers are overweighted during expansions, leading to a downward bias in the procyclicality of real wages.
significant. However, looking closely at the individual observations suggests that a very small number of data points are driving this result. Moreover, when we break the data into three-year intervals, the results suggest less evidence of a drop in the sensitivity of total compensation growth to unemployment. Therefore, given how little regional variation underlies the data, we consider the consistency of the results with those in table 1 to be reasonably good.
Thus far, our results have been limited to showing how the sensitivity of wage growth to unemployment has varied over time. Table 4 intercept values are somewhat difficult to interpret because they potentially capture the effects of a number of variables. However, the fact they have fallen over time is consistent with the notion that they capture changes in expected inflation.
Given the normalization that 0 s = ∑ α , the predicted mean ORG-based adjusted wage growth associated with log unemployment rate t u for year t is calculated in this manner for unemployment rates of 4 percent, 6 percent, and 8 percent. For an unemployment rate of 4 percent, predicted real wage growth dropped between the early and late 1980s, but has been reasonably constant since then. Our estimates currently predict real wage growth of 2.8 percent when the unemployment rate is 4 percent, about its current value. The predicted real wage growth rates associated with 6 percent and 8 percent unemployment also fell between the early and late 1980s, and since then have been fairly constant. The 0.6 percent level of wage growth predicted for 8 percent unemployment in the last period has, however, returned to about its level for the early 1980s.
One can also ask what level of unemployment is predicted to deliver a particular rate of real wage growth, say ) p / * w ( ∆ . According to the above, that unemployment rate is The last column of table 4 shows the values of this quantity corresponding to the mean real wage growth rate over 1980-99, which was about 1.5 percent per year. That unemployment rate was nearly 7 percent in the early 1980s, but since then has been relatively constant at about the 6 percent level that we estimate for the late 1990s. We view the results in table 4 as confirming the relatively stable relationship between real wage growth and unemployment.
Finally, we argued previously that other labor market variables might predict wage growth better than the unemployment rate. The recent drop in the coefficient on unemployment seen in table 1 might even reflect a misspecification in which unemployment is proxying for a more appropriate measure of labor market conditions. The drop in the unemployment coefficient might then be due to a lower correlation of unemployment with the preferred variable, which could have a stable relationship to wage growth. The results in table 5 suggest, however, that the decline in the coefficients in table 1 are not due to the unemployment rate becoming a poorer proxy for a superior measure of labor market tightness. The table shows the results of replacing the unemployment rate with several other measures of labor market conditions, including an ORG-based unemployment rate, a measure of unemployment that includes those who say they want a job regardless of whether they have recently searched, a broader unemployment rate that includes those who work part-time for economic reasons, a narrower measure that includes only white males between the ages of 25
and 54, the employment-to-population ratio, a measure of the exit rate out of unemployment, the fraction of the labor force unemployed five or fewer weeks, and the portion of the labor force unemployed 15 or more weeks. Virtually all the measures show the recent decline in coefficient magnitude that is seen in table 1. The drop off in the sensitivity of wage growth is especially significant for the exit rate out of unemployment and the rate of short-term unemployment.
However, this may reflect the introduction of computer-aided interviewing technology with the 1994 CPS redesign, which had the effect of introducing a series break in short-term unemployment measures.
The results in table 5 suggest that the standard unemployment rate is not the only measure that might be used to judge the tightness of labor market conditions. Judging by the standard Rsquared measure, several variables predict wage growth about as well as the unemployment rate.
Indeed, the rate of long-term unemployment actually does very slightly better. The two broader measures of unemployment, which include all of those who say they want a job and those workers plus those who are involuntarily part-time, come reasonably close to matching the predictive power of the standard unemployment rate, while the narrower measure that is limited to prime-age white males does less well. Perhaps somewhat surprisingly, the measures that may be more closely connected to theory, the employment-to-population ratio and the exit rate from unemployment, are among the least well performing measures, though in the latter case this may be due to breaks in the data series. A fully satisfactory comparison of the forecasting abilities of the various labor market variables would require the use of higher frequency data, more elaborate dynamics, and some attention to the out-of-sample properties of the forecasts.
V. Conclusion
We have shown that the negative cross-state correlation between unemployment and wage growth persists even in recent data. We find some evidence of a decline in the sensitivity of wage growth to unemployment and other labor market measures in the late 1990s. But, we regard that evidence as being somewhat weak because it is dependent on exactly when the line between periods is drawn and whether the relationship is modeled as one in which percentage or absolute differences in unemployment rates have constant effects on wage growth.
Our results have implications for work on inflation forecasting. Traditional short-run, or expectations-augmented, Phillips curve methodologies have tended to overpredict the change in inflation in recent years (Brayton et al. 1999) . That methodology depends upon both the relationship between unemployment and expected wage growth and the relationship between wage growth and price inflation. Given the many fundamental changes that may be affecting the labor market, it is natural to look for a change in the relationship between unemployment and wage growth. But, our finding that the cross-state relationship between unemployment and wage growth has been relatively stable suggests that more attention be given to the link between wage growth and price inflation as the source of instability in the short-run Phillips curve. This seems consistent with findings such as those in Brayton et al. (1999) that adding variables to account for variation in the markup of prices over wages may be the most attractive way to stabilize the relationship between unemployment and changes in price inflation. , 1964 , -68=UR, 1994 0.900 UR, 1969 -73=UR, 1994 -98 0.644 UR, 1974 -78=UR, 1994 -98 0.879 UR, 1979 -83=UR, 1994 -98 0.990 UR, 1984 -88=UR, 1994 -98 0.482 UR, 1989 -93=UR, 1994 
